Abstract Until recently, only nuclear medicine techniques allowed combining whole-body anatomical and functional information. Now, diffusion-weighted imaging seeks to compete with these techniques in the field of oncology, providing assessment of tumour spread, characterizing lesions and evaluating therapeutic response. The first issue has been widely evaluated since the first published wholebody diffusion-weighted images looking like scintigraphy. Optimal background suppression and diffusion weighting highlighted tumours with restricted diffusion. For the two latter issues, ADC seems to represent the key element; it should allow differentiation between benign and malignant tissue, and active from inactive lesions after treatment. This is of paramount importance for the monitoring of lymphomas treated with chemotherapy alone, or for solid tumors treated by neoadjuvant therapies. However, imaging protocols still differ between studies, and there is considerable overlap in ADC values between healthy and neoplastic tissues. Despite this difficulty to identify a clinically reliable threshold for malignancy, there is no doubt that ADC will represent as a reliable biomarker in the future for some malignancies, and lymphomas represent a helpful model for this purpose.
Keywords Diffusion . Lymphoma . Whole-body imaging . Drug therapy . MRI Magnetic resonance imaging (MRI) has been established for years as a versatile morphological imaging modality, combining high spatial resolution and tissue contrast. More recently, it also has been developed to a method that can be used to get functional or even metabolic information. These developments are driven by the need of a better staging of diseases (particularly tumours), characterization of disease subtypes or by applications in the field of treatment monitoring.
Indeed, imaging techniques play more than ever a prominent role in the management of the care of the patient who has suspected or known malignancy. Images are needed at every step of patients' support: diagnosis, staging, re-evaluation and follow-up. The ideal examination for this purpose would therefore combine extensive anatomical coverage, high spatial resolution and contrast, good reproducibility with minimal radiation exposure and acceptable duration and cost. Recently, Lin et al compared whole-body diffusion-weighted MRI (DWI) with FDG-PET in patients with aggressive lymphomas [1] . This article illustrates the potential role of DWI as an alternative to FDG-PET in staging spread of disease and in assessing total tumour burden. Not only does DWI findings match PET/ CT in 94% of lymph node regions and 100% of extranodal lesions, but also the images shown are remarkable in terms of contrast and spatial resolution. Additionally, the use of carefully selected b values allows image analysis of good quality ADC maps. FDG-avid lesions at PET/CT exhibit restricted diffusion in 89% of cases. Interestingly, some PET-positive lymph node regions that showed high signal on ADC maps had low SUV values. Therefore, DWI, which reflects cellularity and tissue architecture, tends to correlate with FDG-PET, which indicates glucose metabolic activity and disease aggressiveness. Kwee et al have assessed the value of whole-body magnetic resonance imaging (MRI), including diffusion-weighted imaging (DWI), for the initial staging of malignant lymphoma, compared with computed tomography (CT). Their results suggest that in the initial staging of malignant lymphoma, whole-body MRI (with and without DWI) provides similar results in the majority of patients to staging using CT. Indeed whole-body MRI never understaged relative to CT and usually correctly overstaged relative to CT, with a possible advantage of using DWI [2] .
There is no doubt that MRI will have an enormous impact in cancer patients in the future. Controlling table movements and matching the centre of the region of interest to the centre of the bore of the magnet have now overcome the limitation of anatomical coverage for staging (Fig. 1) . The limitation of reliable biomarker indices for tumour characterization is being currently widely investigated. Spectroscopy, perfusion or diffusion have now also found their place in many MR protocols for various organs such as brain, breast, liver or prostate, providing multifunctional mapping. However, diffusion is probably the most promising one to date, as it remains compatible with wholebody examinations while maintaining a reasonable duration (30-45 min.), making it usable on a routine clinical basis. This is enabled by multi-channel RF coil arrays coupled with parallel imaging reconstruction techniques. With DWI in cancer patients, we are currently at the very beginning of the story, as was FDG-PET 10 years ago. However, despite continuous technical improvements, one cannot consider DWI as an artefact-free technique. Apart from the usual contraindications to MRI, metal implants or simply regions that are prone to magnetic field heterogeneity such as shoulders may preclude lesions' detection and characterization.
The next challenge will be the assessment of therapeutic response, especially in high-grade lymphoma. Currently, it is based on the International Working Group Criteria, which were elaborated in 1999 and modified in 2007. In non FDG-avid lymphomas, bidimensional measurements of lesions representative of tumour burden on contrast-enhanced CT remain the cornerstone of patients' evaluation. In FDG-avid lymphomas, integrated PET/CT has become the problem solver in case of residual masses, eliminating the concept of uncertain complete response; however, it should be interpreted preferably in comparison with a baseline PET/CT. If DWI should become an efficient tool for both staging and follow-up, ADC should prove to be biomarker at least as reliable as the SUV in PET/CT. This obviously deserves further studies in larger series of patients. Hence, Huang et al. have evaluated the feasibility of T2-weighted MRI and DWI for in vivo detection of response of human diffuse large B-cell lymphoma xenografts in severe combined immunodeficient mice to multi-agent chemotherapy. DWI revealed a significant (P<0.03) increase in the mean apparent diffusion coefficient treated tumours as early as 1 week after initiation of treatment. However, a significant (P<0.03) decrease in mean T2 was observed only after two cycles. The therapeutic response of the treated tumours detected by MRI was accompanied by changes in tumour cell density, proliferation and apoptosis revealed by histological studies performed upon completion of the longitudinal study [3] . In solid tumours, many recent papers investigate the role of DWI in the monitoring of neoadjuvant chemotherapy. Therapy-induced changes in ADCs of lymph node metastases address the same issues as the management of lymphomas. Two recent papers investigate the changes in ADCs after chemoradiation of locally advanced rectal cancer [4, 5] . Kim et al measured ADCs in rectal cancer before and after neoadjuvant chemoradiation. They show that post-chemoradiation ADC alone can reliably differentiate a pathologically complete response (pCR) from a non-pCR in locally advanced rectal cancer [4] .Conversely, Lambregts et al show that DWI as a stand alone technique is not reliable, and recommend using preferably T2-weighted images to assess pCR [5] . The main gain from the addition of DWI would be an increase in the number of detected nodes and an improved PPV for identification of metastatic nodes.
DWI could be considered an important supportive tool for the diagnosis of enlarged cervical lymph nodes. A threshold value of 1.03 × 10 −3 mm 2 /s, could help to distinguish benign from malignant nodes with a sensitivity of 100% and a specificity of 92.9% [6] . Holzapfel et al, have reported similar results using a threshold ADC value of 1.02×10 −3 mm 2 /s [7] . Also, Sumi et al demonstrated recently that MRI allows differentiation between lymphoma and squamous cell carcinoma on the basis of ADCs in cervical lymph nodes [8] . However, Lambregts et al found a significant difference of ADCs between malignant and benign lymph nodes in patients with rectal cancer, but a considerable overlap in values made it difficult to identify a clinically reliable threshold for malignancy [5] . Kwee et al suggest that ADC measurements may not always be sufficiently reproducible to discriminate malignant from non-malignant lymph nodes in free breathing conditions. They found that mean ADC of normal lymph nodes varied between 1.15 and 1.18×10 −3 mm 2 /s. However, in their study, limits of agreement for inter or intra-observer could reach +/−30% [9] . This low reproducibility could be explained by a slice position mismatch between different b values in free breathing condition. Because of the allowance of respiratory motion in DWIBS, slice levels of images obtained with different b-values may not be identical. Consequently, ADC measurements of moving organs in DWIBS may be less accurate, less reproducible, and different from breath hold or respiratory triggered DWI [10] . The individual ADCs in DWIBS are more scattered than those in respiratory-triggered DWI. In their study, Lin et al recommend for ADC mapping a respiratory-gated acquisition [1] . However, data acquisition time for respiratory triggered DWI is approximately 2 to 3 times longer [10] . In addition, mean reading times for staging assessment on whole-body DW images are 30% shorter than those on whole-body MR images obtained with DW imaging and integrated FDG PET/CT images [11] . More in-vivo research is needed to determine the accuracy and reproducibility of ADC measurements in DWIBS.
Lastly, the ultimate aim would be to improve the management of patients with lymphoma by identifying those patients who can be cured with minimal treatment and equally those for whom conventional treatment is doomed to failure and in whom more intensive strategies should be employed from the outset. ADC as an index of tumour aggressiveness deserves also further investigations. Hence, ADC measurements within contrast-enhancing regions of primary central nervous system lymphoma tumours may provide non-invasive insight into clinical outcome. ADC measurements less than the median value of 0.7 × 10 −3 mm 2 /s could be associated with shorter progressionfree and overall survival [12] .
In summary, MRI is now a multifunctional imaging technique, which allows detecting biophysical or metabolic parameters that can be used as biomarker for the assessment of underlying biological processes in a wide variety of tissues and diseases. The number of recent papers on DWI in various malignant conditions clearly predicts a success story. However, it has taken years for DWI to find its place in neuroimaging, and just as many years for FDG-PET in oncology. Now things are clearer in these two fields. For DWI in cancer patients, there is no standardized protocol for DWI in terms of b values, and no clear threshold of ADCs between benign and malignant conditions. Also, there is still a debate on the need to combine functional maps with morphological images, and on the need to perform pre and posttherapy evaluations. A consensus has to be found in imaging protocols to make DWI a reliable cancer biomarker [13] . As often stated, further studies are deserved before DWI comes to maturity, despite very promising initial results. After treatment the lymph nodes exhibit a marked decrease in their size and an increase in their signal on the ADC map
